The recent rapid growth of rifts in the Brunt Ice Shelf appears to signal the onset of its largest calving event since records began in 1915. The aim of this study is to determine whether this calving event will lead to a 15 new steady state where the Brunt Ice Shelf remains in contact with the bed, or an unpinning from the bed, which could pre-dispose it to accelerated flow or possible break-up. We use a range of geophysical data to reconstruct the seafloor bathymetry and ice shelf geometry, to examine past ice sheet configurations in the Brunt Basin, and to define the present-day geometry of the contact between the Brunt Ice Shelf and the bed. Results show that during past ice advances grounded ice streams converged in the Brunt Basin from the south and east. The ice 20 then retreated pausing on at least three former grounding lines marked by topographic highs, and transverse ridges on the flanks of the basin. These have subsequently formed pinning points for advancing ice shelves. The ice shelf geometry and bathymetry measurements show that the base of the Brunt Ice Shelf now only makes contact with one of these topographic highs. This contact is limited to an area of less than 1.3 to 3 km 2 and results in a compressive regime that helps to maintain the ice shelf. The maximum overlap between ice shelf 25 thickness and the bathymetry is 2-25 m, and is contingent on the presence of incorporated iceberg keels, which protrude beneath the base of the ice shelf. The future of the ice shelf is dependent on whether the expected calving event causes full or partial loss of contact with the bed, and whether the subsequent response causes regrounding within a predictable period, or a loss of structural integrity resulting from properties inherited at the grounding line. 30
Bathymetry and subglacial topography
In open water areas, the seabed bathymetry was derived from compilations of ship based multibeam and single beam bathymetric data (presented in Hodgson et al., 2018) combined with the International Bathymetric Chart of the Southern Ocean (IBSCO; Arndt et al., 2013) .
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In inaccessible areas that are covered by the ice shelf, the seabed bathymetry was derived from bathymetric measurements from historical ship tracks inland of the present ice front, which is currently at its most advanced position since 1915 (Anderson et al., 2014) . Further bathymetric control was provided by 38 seismic data points acquired from the surface of the ice shelf described in Hodgson et al. (2018) . These were combined with new estimates of bathymetry from gravity and magnetic data from aero geophysical surveys in 2017 ( Fig. 3) . Where 120 the ice sheet is grounded airborne radio echo depth sounding data from BEDMAP2 (Fretwell et al., 2013) and the 2017 aero geophysical survey were used.
Inversion of gravity data reveals the sub-ice shelf bathymetry based on the large density contrast at the waterrock interface (Cochran and Bell, 2012) . However, shallow geological factors such as sedimentary basins or dense intrusions can give rise to gravity anomalies with the same amplitude and wavelength as the bathymetry, 125 making direct inversion challenging (Brisbourne et al., 2014) . By integrating gravity and aeromagnetic data to constrain the sub-surface geology, we provide the most reasonable estimate of the sub-ice shelf bathymetry in otherwise un-surveyed areas. Gravity data is from an innovative "strapdown" type sensor provides a resolution of ~6 km and route mean squared error of ~1.8 mGal (Jordan and Becker, 2018) . This was combined with regional data from previous surveys and compilations (Aleshkova et al., 2000; Forsberg et al., 2017; Jordan et 130 al., 2017) . Coincident aeromagnetic data was used to constrain the location and size of a large mafic intrusion [Jordan and Becker 2018] , which would otherwise have significantly distorted the inversion results.
Estimation of the sub-ice shelf bathymetry from the gravity data used the four-step procedure (for details see Supplementary material, Section 1). First, to initiate the inversion we used the ice surface, sub-surface topography and bathymetry from direct observations (Fig. 4a ). The gravity effect of these surfaces was 135 calculated and subtracted from the compiled free-air gravity anomaly ( Fig. 4b ) to give an estimated Bouguer anomaly. The second stage was to isolate the gravity signatures in the Bouguer anomaly due to bathymetry not The Cryosphere Discuss., https://doi.org/10. 5194/tc-2018-206 Manuscript under review for journal The Cryosphere Discussion started: 28 September 2018 c Author(s) 2018. CC BY 4.0 License. available (Fig. 3) . The final bathymetric model ( Fig. 4c ) retains uncertainties due to un-modelled geological structures; however, it reveals the broad structure of the sub-ice shelf bathymetry and subglacial topography.
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Uncertainties arising from unknown and un-modelled geology are hard to quantify. One check is to compare predictions of ice shelf flotation, based on freeboard and an assumed ice shelf density, to the known extent of the ice shelf ( Fig. 4c ). This reveals that the inversion results generally predict the grounding line well. A key discrepancy is beneath the SWGT at 75°S, where flotation is violated by 50-100 m. We therefore consider +/-100 m a reasonable estimate of the uncertainty in the bathymetric inversion away from data tie points. Northeast
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of the 2017 survey area, the inversion suggests a broad area of ice shelf should not be floating. We attribute this to a lack of high quality data coverage, and/or actual observations of bathymetry.
Ice shelf geometry
The surface topography of the ice shelf was measured using a high resolution surface digital elevation model 
Bathymetry and subglacial topography
The subglacial topography and bathymetry shows that the grounded ice occupies a complex bedrock terrain ( Fig. 4c ). There is a 1900 m deep trough beneath the Stancomb-Wills Glacier with subglacial catchments to the north, northeast and south, each fed by multiple tributary valleys. In contrast, the terrain beneath the glaciers that discharge into the BIS consists of a series of small northwest oriented troughs that are on a bedrock surface that 175 is generally above sea level.
A steep coastal slope marks the transition between grounded and floating ice masses (the black and white contour in Fig. 4c is the predicted grounding line). Downstream of this grounding line, the trough originating under the BIS is oriented south to north, whilst the trough originating beneath the SWGT is oriented east to west (orientations indicated by white arrows , Fig 4c) . Both troughs reach depths of 600-1200 m and merge into the 180 Brunt Basin forming a single north northwest oriented 400-800 m deep basin that extends >120 km into the southern Weddell Sea at 74°S. The Dawson Lambton Ice Steam occupies a small glacial trough, which extends to the west under the DLGT (Fig. 4c ).
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There are no well-resolved topographic highs within the South-North oriented trough originating under the BIS.
In contrast, in the NNW oriented part of the Brunt Basin under the SWGT there is a series of at least three 185 transverse ridges on the flanks of the trough (associated with inferred grounding lines 1-3 in Fig. 4c) . These occur at, and immediately south of, the 74°S parallel (the modern grounding lines inferred here from our gravity data are not supported by ice surface topography) and near the 75°S parallel where there is a series of topographic highs and a transverse ridge (Fig. 4c ). There are two similar transverse ridges at the present day grounding line in the East-West oriented part of the trough beneath the SWGT (inferred grounding line 4 in Fig.   190 4c).
Topographic highs in the Brunt Basin make contact with the base of the SWGT at the Lyddan Ice Rise, and the base of the BIS at the McDonald Bank. The McDonald Bank is well resolved, particularly off shore by the swath bathymetry and single beam surveys (Fig. 4d) . The east face of the McDonald Bank rises steeply from the Brunt Basin. The upper surface of the bank is relatively flat but has a number of smaller scale topographic highs,
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reaching a minimum depth of c. 212 m below sea level. Some of these appear to be crescent-shaped (Fig. 4d ).
Ice shelf geometry
The satellite images (Fig. 1) and DEM (Fig. 5) show the heterogeneous nature of the ice shelf. The main distinction is between those parts of the ice shelf supplied by higher velocity glaciers and ice streams, and those supplied by the low velocity ice of the inland ice sheet. The former supply the ice shelf with closely packed 200 bands of incorporated icebergs, and the later with icebergs that are more widely spaced. These icebergs are typically oriented 90° to the direction of ice flow (Fig. 1b, 5) (King et al., 2018) .
The draft of the BIS was plotted along three flow lines (northern, central and southern) upstream of the MIR (Fig. 6) . The three flow lines follow the southern edge of a moderately closely packed band of incorporated icebergs within the ice shelf (Fig. 5 ). All three lines show an increase in ice shelf draft between 35-22 km 205 upstream of the McDonald Bank. From 22-0 km the draft remains relatively constant. The base of the ice shelf is highly irregular, as a result of the keels of icebergs incorporated into the ice (King et al., 2018; Thomas, 1973) .
The highest point of the McDonald Bank was 212 m below sea level, measured on the southern flow line (Fig.   6 ). The precise ice shelf thickness at the McDonald Bank is difficult to resolve from the radar data as there was 210 no clear expression of the bed due to interference from the complex topography of the MIR. However, the maximum draft of the iceberg keels along the three flow lines was 214 m (Northern), 214 m (Central) and 237 m (Southern) below sea level, so the maximum potential overlap between the depth of the incorporated ice shelf keels and the depth of bed along all flow lines ranged from 2 to 25 m.
The DEM analysis shows that contact with the MIR is limited to an area of less than 1.3 to 3 km 2 (Fig. 5 ). Strain 
